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By  Typical  Soils  of  the  Connecticut  Valley 

llllllMMMll  i  ■ 


Robert  H.  Bogue 


Tir:  mis  caption  or  ih/tmuixuh  hm  rnoBPHiw:  tons 


by  typical  son*  or  n»;  cwmixmetrr 


VAIJjiY 


LlGllMlY  Of  T It  1 


A  fneaia  trubnitted  for  th*  clonr<Mi  of 


VACTrM  Of  fttt TRUCK 


by 


wBiwr  iwrwah  norm*. 


MMMtchueetts  ARrioultuml  Oollo^v 


.'vino,  1915. 


1 


It  haa  been  knovm  for  a  long  time  that  aoila  poaaoaaed  the  power  of 
taking  up  or  ubaorbing  curtain  salto  from  a  solution,  and  a  largo  amount  of  work  hat 
confirmed  tho  ftict  that  ooila  ohov  a  aolootlvo  powor  of  abaorption  <wordo  tho  diffe* 
ont  iono  in  tho  aolution.  (1)   Thuo  in  general  tho  poaitivo  ion  io  abaorbod  to  a 
;:raator  extont  than  tha  nogativo,  consequently  leaving  tho  aoil  aolution  in  tha 
uoidic  condition.  Thia  vuo  f error ly  explainod  ua  a  oimplo  matathetiool  reaction 
tho  buaee  of  the  aoil  and  of  tha  aolution  interchanging,  or  na  tha  hydrogen  of  tho 
complex  orgunio  ncida  known  ua  hunio  acida  being  replaced  by  tho  buee  of  the  aalt  in 
tho  aolution*  That  there  io  noro  or  loas  interchange  among  the  baaoa  la  oaaily  ahown 
by  analyaio  to  bo  true,  but  it  haa  boon  repeatedly  provon  that  tho  bnae  liburatod  by 
the  aoil  ia  uaually  not  nearly  equivalent  to  tho  bnae  abaorbod  from  tha  solution. (2) 
Mtho  tha  acidity  of  tho  moulting  soil  aolution  mny  be  explained  by  tho  former  hy- 
potheeia  ua  being  duo  to  tho  formation  of  an  acid  or  an  acid  aalt, yet  it  entirely 
fails  to  explain  the  lattor  fact  of  non  equivalent  matathonlo. 

Moreover,  aoil  la  not  tho  only  oubotonco  ihioh  ehovo  the  povor  of 
aeloctivo  nboorption.    Cneoron  (3)  haa  shown  tlint  rietallic  ailver  may  be  aoporatod 

(1)  'ayi-  2,  Royal  AgrlO.  f.oc.  of  ;ing.  (1850)  313*379. 
..ichomt-  uindwirtaohafliohoa  CemtroJUrintt.  (1858)  II-  169. 
Ciodermunn  i.  ruiutlenborg:-  J.  fur  Undwirtechaft,  'lav  3eriea, (1862 }V II-  49. 
\nwby:-  Am.  J.  of  Science,  (3)  (1877)  XIV-  75 

(2)  Uoo  reforenooa  cbeva. 

(3)  H;ho  voil  Solution",  p  66. 


from  ■  ooinfcion  of  silVor  nitrate  by  the  selective  absorption  of  obaroool;  and 
moist  cotton  entirely  freo  from  soluble  acid  will  redden  blue  litmus  pnper 
loft  in  contact  with  It  for  MM  time.  Undur  raid  Mot  on  (1)  tind  also  vnitnoy 
and  QNt  (2)  huvo  shown  that  whoa  barium  chlorld  io  mod  to  precipitate  arsonio 
trioulf id  from  colloidal  uoauticro,  small  amounts  of  barium  aro  absorbed, 
luavlng  in  the  solution  a  corroo]*mding  amount  of  fros  hydrochloric  acid. 
Thsuo  phenomena  any  bs  explained  uy  attributing  to  the  substanoos  enumerated 
•  special  sol  jotive  absorbin;  power  for  the  base  in  question,  and  Carrie  (3) 
points  out  that  the  action  of  oollo  in  the  prosonoo  of  soluble  oelts  any  bo 
explained  in  tho  soma  way.  Harris  further  pointe  out  the  probability  of  this 
exi)lanution  froia  the  action  of  aloctrol^too  in  goneral  on  colloids,  for  hinder 
rind  l  icton  (4)  hmve  shown  that  tho  coagulation  of  negatively  charged  colloido 
is  accompanied  by  tho  adsorption  of  the  positively  charged  ion,  and  Coohn  (5) 
hue  shown  that  tho  colloids  of  the  ooil  will  in  general  be  chtirgod  nogativoly 
since  thoir  dioloctrio  constant,  being  solids,  lo  lsss  than  that  of  wator. 

Thus  tho  theory  of  selective  absorption  has  boon  steadily  gaining 
ground,  and  in  ltfOd  .)chroinor  and  Kailyor  (6)  undertook  a  special  atudy  of 
soveral  typo  soils  with  tho  intent  of  noting  the  effect  of  continued  applica- 
tion of  phoephoto  and  potassium  salt  solutions,  and  subsequently  of  continued 

(1)  J.  Chen.  Sec.  l.XVII  -  63  -  (18*5) 

(2)  J.  Chen.  Soc.  XX TH  *  842  m  (1J01) 

(3)  J.  Phys.  Chow.  XVIII  -  355  «  (1914) 

(4)  J.  Chce.  Soo.  LXVII  -  63  .(1895) 

(5)  Annalsn  dor  I  hysic  und  Cheats,  *  "ledotmn,  UTV  -  217  -  (1898) 

(6)  Bur.  of  nolle.  Dial.  32,  (1906) 
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leachinc,  M  the  concentration  of  the..  ^  m  th.  ,oll  uolutton>  „  ,  . 

r,8UU  ^  th.  theory  developed  by  1^,  ^  ^ 

briof ,  t^t  the  concentration  of  oolublo  ^  „  ^  fm  ^  ^ 
largely  dependent  on  tho  aboorptivo  poWo  of  tho  individual  .oil..  Tbo 
erul.  of  tho  ooll  yield,  and  apparently  continue  to  yi.ld  a  .olutlon  ehoee 
eventration  Wro«choo  *******  between  tho  .olution  and  tho  solid,  but  s 
a.  trim  equilibria  probably  nevar  exioto  th.ro  m*  b.  other  fnetor.  ont.ring 
In  to  ,ffoct  this  etnte.  a.  th.  araa  of  soil  dirootly  oxpo.od  to  tho  .oil 
moisture  during  a  United  period  of  tiae  would  produo.  a  di.turbuno.  In  tho 
e^illbriun.  Rut  tho  concentration  of  .alts  In  tho  soil  oolution  tend,  to 
remain  praotioally  ocnotunt  for  any  given  .oil.  Thus  for  example  if  th.  con. 
oontration  of  potassium  In  th.  .oil  uoioturo  ohould  bo  lo..onod  by  th.  leacb- 
IMS  of  heavy  rnino,  or  the  taking  up  of  potaaaium  by  tho  pl«,t.,  or  by  any 
other  oauoe,  thi.  concontmtion  would  sickly  bo  roootablished  by  th.  .oil 
Civing  up  of  it.  absorbed  potan.ium  until  the  aonstunt  wn.  again  reached.  Or 
if  on  the  other  hand  tho  concentration  of  potua.lun  in  th.  .oil  .olutlon 
uhould  be  increanod,  ue  by  tho  application  of  a  eolubie  fortiliier,  or  by 
evaporation  of  tho  .oil  moisture,  the  constant  would  bo  roatorod  by  tho  ab- 
sorption of  tho  excosa  potaaalun  by  the  .oil. 

Kb  tho  roaulto  of  Schroinor  and  Fnilyor  oho.  a  very  marked  differ- 
enoe  bf*tva.on  the  aboorptivo  cupaoitie.  of  the  different  typo  aoilo  uood  in 
their  exporin  into,  nnd  inaonuoh  a.  Mtypo  ooll."  are  not  dofinit.  coapounda, 
that  1b,  u  ooll  described  n.  a  fino  oiuid  from  "aryl«uid  might  bo  quit,  diffor- 
ont  from  and  have  very  different  aboorptivo  oapaoltiea  froo  a  ooil  of  th. 
oamo  doacriptlon  from   asanohu.etto,  it  «aa  thot  expodiont  to  oxonino  four  of 
the  moat  characteristic  aolla  of  the  Connecticut  Valley  in  order  to  dot.raino 
their  reepeotive  aboorptivo  oapaoitie.  for  pott.oiua  and  phosphate  ion.,  and 
to  plot  tho  ill.  crption  and  leaching  curve,  for  each  type. 


Tho  aoiXa  atudiod  in  this  invest Station  *oro  u  Windsor  sand,  a 
l  odunk  fina  sandy  loan,  u  Connecticut  Moadow  a  lit  louu,  and  a  fluff  laid  day. 

Tho  .indoor  sand  una  obiuinod  about  a  hoXf  allu  north  of  Jount 
orient  on  the  r  oXhan  Hood.  It  la  described  (X)  aa  conuiatinf;  of  alx  to  tan 
Inchaa  of  light  yellow  or  brown  oooraa  aand,  roatlnp,  on  yolXowish  coaraa  aand 
and  fina  gravol,  sXightly  ioaay.  Tta  origin  la  oonaldarod  to  bo  a  ohuXlov  Xaka 
dapoait.  Tharu  aro  two  typas  of  thia  aand:  a  light  Xooao  fora,  und  n  hoavior 
typo  ahich  la  raoro  of  n  aundy  Xonn.  Tho  fonaor  was  tha  one  atudlod. 

Tha  fodunk  fine  oundy  Ionia  wuo  obtainad  about  a  alio  woot  of  tha 
Maaaaohuaotta  \gricultural  ColXago,  and  la  doaorlbod  (2)  aa  conolntin-  of 
twalvo  Inohoo  of  frlabXo  dark  brown  aandy  lon»,  undarXain  with  a  yollow  or 
brownish  flna  aandy  lono.  Tho  ontarlol  conpoaing  thia  ooil  originated  by  dopo- 
•  o  it  ion  in  daaptr  Xaka  watoro,  but  hao  bean  largely  raworkod  and  rodapoaltad 
by  Xutor  otroara  notion. 

Tha  Connecticut  Vondovr  oilt  Xourn  wuo  obtained  about  a  half  oila 
west  of  "orth  ftnherat  on  '  eudow  i'-troot,  and  io  doaorlbod  (3)  at  oonaiatlng  of 
a  dark  ollt  loom  in  tho  uppor  twolvo  Inchon.  Thia  la  underlain  by  a  heavier 
dark  i;rayiah  to  ynXXow  or  brojn  oilt  loan.  Tho  Material  oonalata  of  tho  finaat 
grudoa  of  onrnJ  and  oilt  that  h'lva  bom  raworkod  and  dopooitod  by  tho  stroajna 
along  which  it  flows.  Tn  tho  procoaa  of  reworking  and  dopooltlon  large  onounta 
of  organic  outtor  havo  boon  incorporated  with  tho  sand  and  oilt. 

Tho  Nuffield  oXuy  wao  obtuined  ubout  ona  and  a  half  nlloa  woot  of 
Aahorot  Contro  on  /Salty  I -trout.  It  is  doooribod  (4)  as  oonaiatlng  of  four  to 

(1)  Lioil  :>urvuy  of  tho  Connecticut  Vnllay.  Fiold  Oporatione,  Bur.  of  t<olls, 
(1903) 

(2)  3uus  aa  -ibava. 

(3)  Sana  ns  abovo. 

(4)  Sorta  ua  above. 
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eight  inohoa  of  heavy  durk  drab  eluy  loan  resting  on  *  heavy  tenacious  gray 
drab  clay,  whioh  extends  to  a  doapth  of  twenty  unci  In  SJS»  instanoos  aovonty- 
five  foot.  It  la  of  deep  lake  origin,  and  while  apposing  vary  heavy  and  ten- 
acious, it  lo  lo«B«»ly  cot.posed  of  silt,  probably  of  tho  finor  grade*. 

The  apparatus  usod  In  thoso  oxporinontu  was  essentially  that  uoed 
in  tho  laboratory  of  tho  Ruroau  of  iioils  on  oiail-.r  investigations.  (I)  "ho 
ao il  was  placed  within  a  nickel  plated  tubo  twelve  incheo  long  by  one  find  a 
quarter  inohoa  inside  diaewtor.  a  oeotion  of  a  1  notour  Chmaburlond  filter  earn 
insert od  at  tho  lower  end,  tho  poruo  filter  projecting  about  one  and  a  half 
centiewtors  above  the  rubber  otoppor,  whioh  held  it  in  position.  The  upper 
part  of  tho  filtor  way  plugged  with  a  solid  rubber  otoppor,  while  tho  lower 
end  wus  fitted  with  a  one  holod  stopper  with  a  glass  tubo  thru  whioh  ths 
solution  percolated.  Tho  upper  oni  of  the  niokol  tubo  was  fittod  with  a  two 
holod  otoppor  provided  with  two  glusu  tubes.  One  of  theoo  was  several  foot  in 
length,  tho  length  being  determined  by  t»»e  preoouro  nooossary  to  force  the 
liquid  thru  tho  filtor  ut  tho  desired  rats,  i.e.  50  o.o.  in  24  hours,  'his 
tubs  was  oonneoted  by  a  syphon  to  n  flask  containing  the  solution  to  be  posood 
thru  tho  f liter,  /.'he  shorter  of  tho  glues  tubes  was  provided  with  a  short 
plseo  of  rubber  tubing  and  a  pinoh  ocok,  and  served  to  lot  tho  air  out  of  ths 
tube  whan  starting  tho  experiment. 

Ths  suraples  of  soil  *ero  woighod  out,  nixed  with  distilled  wntor  to 
form  a  thin  pr.ute  and  this  poured  into  th   niokol  tube.  Vhe  tubo  was  then 
ossmeoted  with  the  rest  of  tho  apparatus,  tho  syphon  ntartod,  and  n  oaall 
..rlonmoyor  flask  provided  to  outch  tho  poroolato.  By  lengthening  or  shortening 
the  hoight  of  tho  wntor  solum,  ami  by  tho  uoo  of  screw  pinoh  cocke  on  the 


(1)    Uchroiner  and  Tnilyert  ".8.  IHir.  of  r>oils,  Fail.  32,  11.  (1906) 


Figure  1.    Apparatus  usad  in  Absorption  Investigations 


not ore  n  ooaprohenalvo  utudy  gf  t„o  absorption  of  aolublo  salts  by 
tho  .oil  .on  bo  mm>  it  io   nooccsa*  %0  know  bow  iho  „M  in  t,Ml|„ 
whioh  tho  ooll  already  contain.,  will  bo  affected  by  tho  continued  loaohing 
with  water.  And  it  1.  also  aoooooary  in  ordor  to  nuke  a  Just  ooaporloon  or  tho 
•boorptlon  capacities  of  tho  various  oollo  to  have  then  all  brot  to  a  state 
of  practical  oqullibriua,  ao  regards  their  potassium  und  phoephate  content, 
before  begining  tho  abeorption  oxpuriaunts. 

Tho  tuboo  wore  thoroforo  charged  with  100  grams  of  tho  soil,  and 
puro  diotillod  water  allowod  to  run  thru  tho*  at  tho  rata  of  50  oubio  oonti- 
motoro  In  24  hours.  Tho.  percolate  wao  oollootod  in  fraction*,  and  tho  potas- 
sium and  phosphate  contont  dotorminod  in  each  fraction.  Tho  nothod  uood  in  tho 
determination  of  potaouiua  wuo  that  described  by  Cameron  and  rallyor  (1)  , 
whioh  io  bused  on  tho  rod  color  produced  by  tho  addition  of  an  oxcooo  of 
potaooiura  iodido  to  a  oolution  of  a  ,  latinic  oalt,  ao  doooribod  by  *'orroll.(2) 
•Tho  oethed  oonoioto  in  proclpitutinc  tho  potassiun  ao  chlsrplatinate,  afiar 
removing  aaaonia  by  ij^ition,  and  washing  thio  with  alcohol  in  a  Manner  oIm- 
ilar  to  that  followod  in  tho  uounl  grnviaotrio  proooduro.  The  ohlorplntinato 
io  diooolvod  in  wutor,  and  tho  addition  of  potaoolun  iodido  dovolopoo  tho 
oo lor  abovo  Mentioned.  The  solution  is  then  compared  with  a  otandard  oolution 
of  potassium  ohlorplntinato  in  which  tho  oolor  hao  boon  oinllnrly  dovelopod." 

Tho  nethoci  used  in  tho  determination  of  phoopbats  wuo  that  doooribod 
by  Sohroinor  and  Brown  (3)'  It  consists  in  converting  tho  phoophnto  into  mgno* 
ciura  u..rac:;iuj.i     u:;phut«,  ao  io  done  in  tho  usual  gravimetric  proooduro,  all 
silica,  as  woll  no  othor  salts,  and  to  a  largo  extent  also,  soluble  organic 


(1)    J.  Am.  Chan.  ftt«*  XXV  -  1063  (1J03) 
(3)    J.  Jus.  Chen.  f»oo#  II  •  145  (1800) 
(3)    J.  An.  Cham.  BcC.  XXVI  -  (1904} 


natter,  boing  renovod  by  waging  with  omnia  water,  lit 

Ph00phftU  iU  dlttW,X^  111  —  MM**  by  nonm  of  tho  yellow 

color  produood  by  tbo  addition  of  omni«»  *****  ccaporing  with  a 
our*  phoophuto  oclution  In  *hloh  tbo  color  i»  «i«iiarty  devolopod.  ■ 

On  tooting  out  for  tbo  accuracy  of  these  methodo,  a  difforonoo  of 
threo  parte  por  aillion  couU  usually  bo  detected  if  tho  concentration  in  tbo 
canplo  ems  not  creator  than  200  parto  por  nillion.  A.  hiifrer  oonoontratlon 
however,  especially  in  the  case  of  poWotun,  rendered  tho  roaulto  oonewhat 
loos  accurate* 

Tbo  results  for  tho  roraovul  of  potnooiun  fron  tho  oollo  rtro  given  in 
tublos  1,2,3,*4,    in  tho  firot  oolum  la  givun  tho  number  of  cubio  oentlnotero 
in  each  intiividuta  fraction  of  porooluto  analysed.  In  the  oooond  io  given  tho 
total  mmbor  of  cubio  oentinotere  that  have  p*sa»d  thru  tho  filter.  Tho  third 
column  shoos  tho  concentration  of  potnasiun  in  each  of  tho  fractiono  token, 
oxprooaod  in  parte  por  saillion  of  poroolato.  Tho  fourth  ooluan  uxprooac*  tho 
amount  of  potueeiun  extracted  fron  tho  ooil  in  ouch  fraction,  exproeood  in 
purto  por  nillion  of  ooil,  and  the  fifth  coluon  ehooo  tho  total  pot u solum  ex* 
tract yd  fron  tho  coil, 

Tho  figures  of  tho  fourth  colutm  eero  obtained  by  dividing  tho  pro* 
uuct  of  tho  firot  nnn  third  columns  by  100,  which  fomulu  wno  derived  no 
fellows:  Lot  p.p.n.  of  potnooiusi  in  any  given  fraction  of  uolution  bo  a, 
lot  tho  voluao  of  porcolato  in  tho  fraction  bo  b,  lot  p. p. a.  of  potaooiua 
extracted  from  tho  soil  in  tho  fraction  be  x,  and  lot  grano  of  potaesiua  ox* 
tructed  fron  tho  soil  in  tho  fraction  bo  y,  then  if  there  arc  a  Kruno  in 
1,000,000  o,c. ,  thero  will  be  y  grano  in  b  c.c,  or  a  :  1,000,000  ::  y  :  b 
or  l,000,000y  m  ab  and  y  ■        nb        •    If        ab        gr'wia  of  potaooiua  arc 

1,000,060  TTdooVood'1 

extracted  fron  100  /;ra»a  of  ooil,  than  x  grano  »ro  on  extracted  froa  1,000,000 
grans  of  ooil,  or        ab  _      :  100  it  x  :  1,000,000.  Solving,  x  s   ab  . 

1,000,000  Tex) 


Voblw  1. 

Rmaoval  of  i  oiuiiotvaa  from  a  Gondy  Soil. 

Voluiao  of  f>ol.  ¥otul  volusao  )otuc«iun  in  FotuMiim  In  Total  letuMiua 
la  •oxaplo         of  solution  8nrq>lo  fiumpio  oxtruotod 
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TabXo  3. 

ftonovtd  of  potnaaiura  trim  a  r  »««dy  J.oan. 

Volurae  of  sol*  Totiil  volwao    Potassium  in    I'otnoQlun  in    Total  rotaeoiuo 
in  ouraplo        of  eolation         snnplo  mplo  oxtmotod 

•c»  ■•■•c.  p.p.o.of  ool*    p.p.M.Of  oo il   p.p.m.of  ooil 


50 

30 

28 

14 

14 

|| 

104 

20 

u 

25 

100 

212 

16 

17 

42 

78 

290 

17 

13 

55 

127 

417 

13 

15 

70 

1U 
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9 

10 

80 
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8 
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I 

13 
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14 
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17 

149 

m 

3043 
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28 

177 
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3 

29 
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Tnblo  3. 

Kttnovnl  of  PotM*iiM  trm  a  ^Ut  U>«». 

Vo1ub»  if  flol.  volww     rotutaiuo  In    loiaaofcmin    ratal  1'otaoalu. 

ixioupplo      oration         m^ta  m^lq  oxlmrtod 


o.c. 

o.o. 

p.p.m.of  uul. 

p.p.a.of  toll 

p.p.B.Of 

35 

35 

30 

10 

10 

61 

30 

28 

17 

27 

75 

171 

24 

18 

45 

121 

292 

19 

23 

68 

121 
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18 

32 

90 

147 

560 

14 

21 

111 

120 
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10 

13 

124 

154 

042 

9 

14 

138 

238 

1060 

4 

9 

147 

167 

1247 

S 

8 

155 

238 

1405 

4 

9 

MM 

1343 

2828 

3 

40 

204 

1172 

4000 

4 

47 

251 

12- 


Tablo  4* 

Kutnovnl  of  J'otuauiuja  froo  a  Clay  «oil. 

Voluue  of  Hoi,  Votiil  volumo     :  otnoaiiaa  in    Iotwwiun  in  Total  lotivsoiun 

in  oeuplo     of  solution          o<tnplo             ooqplo  oxtractud 

MNi             c.c.           p*p*a.of  ool*    p.p.ra.of  ooil  p.paa.of  noil 


m 

n 

20 

10 

10 

67 

115 

17 

*  • 

11 

21 

116 

MAM 

231 

14 

16 

37 

124 

•H 

14 

17 

54 

93 

m 

1 

a 

«2 

139 

SG7 

6 

a 

70 

90 

685 

7 

7 

77 

114 

799 

4 

5 

83 

164 

963 

4 

7 

09 

215 

1176 

5 

11 

100 

249 

1437 

3 

7 

107 

120o 

2633 

4 

48 

155 

1367 

• 

4000 

3 

40 

195 

It  will  bo  notiood  that  tho  porcolate  fro*  the  toady  soil  to  voiy 
quickly  brot  down  to  a  concentration  which  la  preotloaUy  oonatant,  while  in 
each  of  tho  other  cnaoa  nuch  more  of  tho  diotillod  water  has  to  pneo  thru 
bcforo  thio  conetant  In  rosebud.  Tho  fact  of  th«r«;  be'r^g  »  highor  cencontra- 
tion  of  tho  potassium  in  tho  firat  fw  fructiono  in  interseting.  The  atieuraption 
that  thio  io  duo  to  readily  eeluble  potaoh  tmlto  in  tho  soil  Which  oro  quiokly 
locohod  out  dooa  riot  soon  tenable  in  view  of  tho  abeorptivo  pown  of  tho  tolls 
aa  will  be  oho«i  litter.  Tho  probnblo  axplanaticn  of  thio  higher  cone ontrat ion 
itt  tho  start  liofl  in  tho  fact  that  tho  aoila  woro  air  dried  before  tho  leech- 
ing proceaa  wua  begun,  and  It  hao  boon  domonatrat*d  by  Whitney  and  Cameron  (1) 
and  liter  by  King  (2)  that  oven  ond  air  dried  ooila  would  yield  a  larger 
quantity  of  aolublo  salts  to  wa+..*r  then  would  tho  anno  aoila  in  the  moiot 
condition. 

Tho  results  for  the  remove!  of  phosphates  from  tho  four  aoila  are 
given  in  tables  5,6,7  ,and  8.  The  mnin  notleabla  difference  butwoon  tho  removal 
Of  tho  potaoalua  and  of  the  phoophate  la  that  in  tho  latter  ooao  the  poroolntoe 
from  throe  of  tho  four  ooila  investigated  increased  aonowhat  in  their  phoa» 
photo  content  during  the  first  p»rt  of  the  flow,  whereaa  with  tho  potaooium 
the  oonoontration  in  tho  porcolnto  diminished  rogulurly  f ran  the  firat.  "he 
warn  gonoral  tendency  oxieta  howovor  na  with  the  potnsolura,  i.e.  a  fulrly 
rapid  diminution  in  tho  phoophate  oonoontration  to  n  oortain  point  whoro  it  ia 
maintained  nearly  constant. 


(1)  Bur.  of  ::oUo,  r-ul.  22,  42,  GMW 

(2)  Bur.  of  r>oUo,  nul-  26,  55,  (1005) 


Tablo  5, 

Rooovul  of  1'hoophrito  fron  a  Handy  Soil. 

Voluoo  off  Gol.  Total  voiuno     iltoaplarto  in     I'hoophnto  in    Total  Ftagphnto 
in  •cuaplo     of  oolution  ounplo  onnplo  oxtrHCtod 


0.0. 

0.0. 

p. p.m. Sol. 

p. p. a. of  oil 

p.p.a.of 

9ft 

Dm 

i  n 

12 

6 

6 

rj-j 
JU 

■Mi 

10 

5 

11 

99 

1  t^T 
JLO  / 

■ 

5 

16 

MM 

■ 

4 

20 

8'' 

9 
i 

* 
O 

off 

26 

•>a*7 

a 
I 

| 

31 

■B« 

5 

I 

115 

628 

4 

5 

42 

113 

741 

4 

4 

46 

119 

860 

5 

6 

52 

128 

998 

1 

5 

57 

117 

1115 

3 

4 

61 

420 

1535 

4 

17 

78 

607 

2142 

3 

18 

96 

945 

3087 

a 

19 

115 

912 

4000 

3 

27 

142 

of  rhoaphuta  from  a  Oondy  lotm^ 


Voluno  of  aol.  Total  voW     rhoaphapo  In     rhoophrto  in    Votal  I 
in  «wplo     of  «clution         „*pi,  extmot* 


c.c, 


CO. 


r.p.n.of  SoX.   p.p.w.of  :»oU  p.pwa.of  noil 


44 

44 

9 

4 

4 

47 

91 

13 

C 

10 

60 

151 

H 

9 

19 

65 

216 

21 

14 

m 

65 

281 

18 

13 

45 

93 

373 

15 

14 

59 

113 

M 

12 

13 

73 

106 

592 

9 

9 

81 

121 

713 

8 

10 

91 

Mi 

836 

6 

7 

98 

126 

962 

6 

7 

103 

129 

1091 

6 

8 

113 

392 

1483 

5 

19 

132 

578 

2061 

5 

29 

161 

1079 

3140 

4 

43 

204 

fa  00 

4000 

4 

34 

238 

Vublt  7 


Removal  of  Phoaphuio  from  h  l»Ut  Uam. 
Volume  of  fcAft  Votui  voluuo     I'hospJuito  in     rhespfcicttt  £»    ToUl  PhoertaU 


in  ootapie 

of  eolation 

auiapl© 

crapla 

CO. 

0.0. 

p.p^n.of  Hoi, 

p.p«n.of  fio51 

V.p.n.of 

Ii 

56 

15 

8 

8 

51 

107 

17 

9 

17 

M 

151 

18 

8 

25 

49 

200 

16 

8 

33 

74 

274 

14 

10 

43 

SI 

355 

U 

f 

52 

103 

456 

10 

10 

62 

111 

569 

8 

71 

113 

71 

101 

783 

85 

121 

904 

90 

164 

1068 

10 

100 

422 

1490 

21 

121 

477 

1967 

19 

140 

1035 

3002 

41 

131 

99B 

KM 

40 

221 

-17. 


TabXo  a. 


itUBtovtil  of  mophitto  frow  a  CXny  SoiX. 


Voluno  of  3oX.  ?ot«X  wlwnn  of   Pho«ph»ie  An  nionphuto  In  Totnl  Ihonphnto 
in  ourcplo         oolarllon  triple  omple  oxtraotnd 

c'*#  c»c»  p.p.a.of  ftol.    p.p.a.of  *©1X  p.p.m.of  fioll 


II 

54 

H 

13 

13 

57 

m 

25 

14 

27 

97 

,168 

25 

14 

41 

64 

332 

24 

IS 

56 

57 

289 

28 

13 

69 

75 

3(5 

19 

14 

83 

1X5 

401 

15 

17 

100 

109 

590 

12 

13 

113 

106 

&')  G 

9 

10 

X23 

118 

814 

a 

9 

132 

117 

M 

7 

a 

140 

139 

mn 

6 

8 

148 

3513 

7 

31 

178 

Ml 

2111 

6 

36 

314 

1006 

3117 

6 

60 

274 

883 

4000 

6 

53 

327 

-13- 


Aftor  ppolonnlni:  tha  prolteinnry  leaching  until  four  liters  or  water 
bad  passed  thru  the  soil,  the  tubes  ,«ro  allowed  to  drain  oomplotely,  and 
these  mm  were  then  treated  In  the  em  manner  a*  before,  one  eet  with 

a  solution  of  potusaium  chlorid,  and  the  othor  eet  with  a  eoiution  of  mono- 
aulciun  phosphate,  Cei>4(P04)a.  Thass  solutions  Tore  aude  up  to  a  strength  of 
200  part,  par  million  of  potassium  (K),  and  of  pho.iphuto  (po4)  respectively, 
and  war*  prepared  by  diluting  a  atodt  eolation  whiah  hud  previouely  boon  stan- 
dardised by  s'raviractric  analysis. 

The  results  outuinod  on  the  absorption  of  potassium  are  given  in 
tables  3,10,11,  and  12.  The  first  three  columns  are  ae  in  ths  leaching  tables, 
i.e.,  let,th«  volunio  of  poroolato  in  the  individual  fraction;  2nd,  the  total 
volume  of  percolate  which  bus  passed  thru  the  soil  when  any  Riven  fraction  is 
taken;  and  3rd,  tho  concentration  of  potaasium  in  the  fraction  of  poroolato 
t?tken.  The  fourth  column  represents  th  i  aaount  of  potneaium  abitorbod  from  the 
solution  expressed  in  part a  per  million  of  solution,  and  is  obtained  by  sub- 
tracting the  concentration  of  the  potassium  in  the  solution,  3rd  column,  from 
200,  thy  concentration  of  tho  oolution  flowing  thru.  The  fifth  column  repre- 
sents tho  amount  of  potusaium  absorbed  I  e^  tho  soil,  expressed  In  ptirts  per 
million  of  soil.  This  value  was  obtained  by  dividing  tho  product  of  the  potas- 
siuo)  absorbed  fror.  the  solution,  4th  column,  and  tho  percolate  in  the  fraction 
lot  column,  by  100,  which  forraila  r*as  derived  as  previously  shown.  The  Inst 
column  shotfa  t!:*  tot»i.l  a Mount  of  potassium  absorbod,  expressed  in  pnrts  per 
million  of  soil,  when  any  given  fraction  is  taken. 


?ebl* 


Absorption  of  fill  Mill 


tfoluajo  of  Sol.Total  vol.  I  ctaonitws  in 
iti  omspla       acluticn  sample 

o.fl.    p.p.n.of  Sol. 


43 

43 

3 

II 

89 

14 

at 

127 

26 

«4 

10). 

78 

ioe 

297 

151 

117 

114 

179 

116 

530 

103 

92 

623 

192 

H 

717 

193 

s» 

606 

190 

101 

107 

194 

66 

193 

94 

1097 

198 

255 

1342 

197 

296 

1636 

199 

2002 

138 

4y   t  Snndy  noil. 


I'otctsoium    Iot*soi(»m        Tot.nl  |  otnaoium 
•iboorbod        nbnorbod  absorbed 


t  HHu 

p.p.n.of  roil. p. 

p.m. oT 

197 

83 

85 

186 

86 

171 

174 

66 

237 

122 

78 

318 

49 

M 

367 

21 

24 

391 

13 

14 

403 

8 

7 

412 

7 

7 

419 

10 

9 

428 

6 

6 

434 

7 

6 

4-tO 

2 

2 

442 

3 

8 

430 

1 

1 

453 

2 

7 

460 

Absorption  of  1  otexaoiua    ^y   a  Sandy  Lohb. 


Volume  of  L>ol.  "otal  vol.    ot-  oaiuc  In 


I  sanplo 

solution 

•ample 

CO. 

c.c. 

".p.m. of  Sol 

1 

u 

*il 

m 

107 

1? 

SO 

•j  i 

214 

267 

70 

1J7 

37-1 

129 

124 

4sM 

161 

106 

175 

106 

712 

1E3 

Itf 

eo9 

189 

102 

911 

190 

106 

1019 

195 

105 

1124 

193 

310 

UM 

198 

267 

1721 

196 

334 

2055 

19b 

'  twn:;>:     1  OtAftiiusi   Tctfl  l  otdfiflu* 
aboorbod     nbsorbud         i  bsorbou 
p.paft.o^  Hcl.  p.yi.n.  "oil.p.r.a.ooll 


194 

100 

108 

188 

97 

205 

175 

87 

292 

161 

92 

384 

130 

69 

453 

71 

76 

529 

39 

48 

577 

25 

27 

604 

17 

18 

622 

11 

21 

643 

10 

10 

653 

5 

5 

658 

7 

7 

665 

■ 

6 

671 

4 

11 

682 

2 

6 

668 

--li- 


vable XI 

Abaorptlon    of  *'•*»■■*«■    fys  a  tfiXt  Una 


VoXubh,  of  £*X.  fVta  VoX.    *9%mmlm  in   )  Qtaasjiutt   I  ou*»«iua     TotaX  I  otasoixu 
in  |«vll       «oXution  wrapl*         abeorbei!     absorbod  abnorbed 

c#c*  c,°*       p.p.».of  bol,  p. p.m. of  3oi*;).p.o.r,oiX   p.p.n.of  :,oiX 


.1 

JX 

M 
■i 

196 

100 

100 

PI 

UN 

XO  , 

190 

100 

200 

*» 

1  All 

16 

182 

60 

280 

£3 
uu 

SHP 

X7X 

10b 

386 

b* 

44 

U6 

92 

460 

Job 

63 

X3X 

lat- 

606 

XX9 

1b7 

X07 

93 

in 

719 

X06 

OM 

uo 

bO 

H 

772 

XX3 

Y06 

X64 

36 

4X 

8X3 

in 

ax& 

179 

21 

23 

636 

X23 

M 

107 

X3 

16 

bb2 

XX7 

kh 

vm 

1 

9 

86X 

X07 

um 

135 

5 

5 

666 

2L6 

ino 

-193 

7 

20 

666 

3X8 

X76B 

m 

9 

16 

902 

292 

2060 

197 

3 

9 

911 

Tafaltt  12 

Aboorptiofi  or  rotodtsiun  clay  Soil 

of  sol.  Total  Vol.  Ntmiaa  i.i  rotuwlu*  !'a«ai^    fMttt  flUnt, 


1   a 

Ln  Biur.plo 

solution 

o;-  i  la 

aboorbod 

nbscrbttd 

CO. 

c.c. 

p. p.m. of  :;cl. 

p.p. au.  Sal. 

p.p.*.  of  noli 

35 

35 

4 

136 

68 

68 

51 

86 

6 

134 

99 

167 

41 

127 

7 

133 

79 

246 

61 

188 

11 

189 

115 

361 

77 

.  265 

20 

180 

138 

499 

105 

3Y0 

45 

155 

163 

662 

121 

in 

74 

126 

152 

814 

Hi 

607 

111 

Bt 

103 

917 

105 

71? 

141 

59 

MM 

97 

009 

158 

42 

41 

1020 

107 

316 

m 

38 

30 

1050 

106 

184 

16 

17 

1067 

163 

lm 

187 

13 

23 

1090 

231 

MM 

191 

9 

26 

1116 

30$ 

1791 

193 

7 

28 

1144 

357 

2148 

m 

9 

32 

1176 

It  will  be  aoen  that  the  concentration  of  potaeelwa  in  the  percolate 
increeaee  vary  rapidly  from  thy  etert,  but  howover,  with  different  duress  of 
rapidity  for  each  eoll,  tha  parcolatoa  from  tho  aaridy  aoil  incraaainK  tha  ooat 
rapidly,  tha  sandy  loan  noxt,  tha  ailt  loan  next,  and  tha  clay  ooil  tha  aloweat. 
Thie  omphaoiaea  two  pointa:  lot,  ^hat  tha  aandy  aoil  raaahoa  ita  otata  -of 
aaturution  with  raapoct  to  ito  potaoaiua  content  in  tho  ahortaat  length  of 
time,  tha  clay  aoil  taking  tho  lon«eat  Viae  to  reach  thie  condition;  and  2nd, 
that  tho  total  ebeorptivo  capacity  of  the  aandy  aoil  is  tho  lowaat  of  tha  four 
aoila,  while  that  of  tha  cluy  aoil  i»  tho  Rroataet,  the  clay  ooil  aboorblne 
1176  parte  of  potasaliun  aa  afpinet  460  parte  for  tha  aandy  aoil,  660  pnrto 
for  tha  unndy  loan,  end  ill  parte  for  the  ailt  loun. ,  on  tho  paeaa£e  of  nearly 
equal  amount a  of  potooaiun  chlorid  aolution. 

Tha  absorption  of  phoophntos  is  ahown  in  tnblee  13,  14,  1!>,  and  16. 

The  noot  striking  difference  noted  between  thoae  f ifxireo  ond  thoae 
for  the  nbaorption  of  potnoeiun  io  that  the  abaorption  of  phoephute  tnkaa 
place  V'jry  nuch  alowor.  In  fact  tha  elny  aoil  ia  ntili  absorbing  phoophnta 
when  nenrly  fiwa  liters  of  tho  solution  have  paaaed  thru  it,  while  in  tha  caae 
of  tha  potaaelua,  one  liter  wee  nearly  sufficient  to  saturate  the  sane  soil. 
The  anno  q  moral  relationship  holda  batwoen  the  different  aoila  with  raapoct 
to  the  rata  of  abaorption,  and  tho  total  amount  of  phosphnte  absorbed,  no  with 
tha  potassium  absorption. 


24- 
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Absorption  ?r  ItMHnlKt \  %« 

Volmao  o*  sol,  ToWL  vol.  of  ?'honph.V„9 
In  «utpla        oolutlen  irj  oanpl* 


CO. 

0.0. 

56 

56 

8 

M 

104 

15 

59 

163 

o«> 

■Hi 

65 

228 

41 

108 

336 

80 

135 

471 

105 

117 

na 

132 

104 

692 

1315 

133 

825 

170 

11? 

937 

15B 

11& 

1052 

175 

126 

11/8 

181 

117 

1295 

1B6 

266 

1561 

194 

323 

1884 

190 

2167 

193 

1013 

3180 

197 

M 

3760 

196 

995 

4755 

M 

a  :V\ndy  Boil, 


Hwophato   iboophnto  Total  .hoophato 
abaorbat     aboortod  ftbocruad 
.  p.p.ra.Dol.  p. p.m.  roll  p.p.ta.  of  ..oil 


192 

1  TY1 
1UY 

107 

IB1! 

•  J.J 

Oaf 

196 

<lrw 

301 

IUJ 

404 

120 

uu 

5J4 

uo2 

63 

67 

70 

ill  f> 
■-■J- 

30 

40 

852 

32 

36 

8b8 

25 

29 

917 

19 

24 

941 

14 

16 

9b7 

6 

16 

J73 

10 

32 

1005 

5 

14 

1019 

3 

30 

1049 

4 

23 

1072 

2 

20 

1092 

Ab&orption  of  HioaphtrU  by  9  Sandy  um 


Volume  of  Sol.  Total  , a.       r****  ft.***  MA 

in  eta*!*         of  oolutlon     It.  wuapU     Kboorbcd     f .^orbod  *Wbt* 

c.c       p.p.w.  of  p.*. Sol. »>.p.r,.;.oi}  r,.n.*.0r 


c.c. 


4?  47 

53  100 

56  156 

69  2?? 

119  *17 

114  531 

127  (...a 

131  789 

10?.  891 

126  1017 

1*9  1156 

104  1T70 

226  1496 

321  1G17 

268  2035 

918  3003 

OuZ  3865 

7  J  -j  4600 


5 

195 

92 

92 

5 

105 

303 

195 

11 

189 

106 

301 

16 

184 

134 

435 

19 

181 

125 

560 

32 

368 

200 

760 

45 

155 

177 

937 

55 

145 

lb4 

1121 

71 

129 

169 

1290 

88 

112 

114 

1404 

100 

100 

136 

1530 

Ml 

79 

118 

1646 

135 

65 

67 

1715 

148 

52 

117 

1832 

163 

f 

112 

1944 

17? 

28 

75 

2019 

186 

14 

128 

2147 

190 

10 

68 

2235 

192 

e 

71 

:'306 

labl*  15 


Auoorpiion  of  /tosphxt*  oy  a  bilt  i^t 


Uimm  of  uoi.  Total  vol.     Hif^hnU  P*IU»«U  r«t* 

In  *au*lo      of  ooiution    In  aaoplo      nbgorb«d     uouorUod  ftbooio«i 


*7 

*1 

4 

HI 

m 

112 

IM 

1 

1*6 

n 

Ml 

M 

1C3 

7 

I9t 

Ui 

318 

II 

119 

10 

190 

101 

IM 

110 

139 

15 

1j>5 

IM 

627 

127 

iM 

31 

179 

2*7 

&54 

110 

561 

40 

160 

176 

1U30 

ue 

991 

'13 

i57 

IM 

1215 

114 

7?f 

60  ' 

MO 

IM 

1375 

in 

a  12 

73 

128 

IM 

1521 

120 

73 

121 

145 

16*8 

in 

U64 

si 

109 

111 

1810 

123 

102 

m 

120 

1930 

204 

un 

120 

m 

163 

27e 

1767 

IM 

66 

182 

2275 

279 

Ml 

152 

48 

134 

2409 

1002 

3046 

175 

25 

250 

2659 

725 

3800 

181 

19 

143 

2802 

MM 

UN 

IM 

14 

125 

'927 

TabU  16 


Ab0orption  of  ttMNgMi      a  Uoy  3oil 

Volume  of  3ol.     Totid  vol.     ITionptoto  In     rhcmplmVJ    rhoaph'rt.o   Total  ilitfiph- 
In  9kk;>U        of  aolutlon        osnplo  absorb jd     nbocrbod     «t,«  norwbod 

c»"»  p.p.w.o*  Sol.  p.p.n,  r-oX.   p. p.m.  r>oU  r.p.w.  roil 


<*t 

AO 

6 

194 

87 

87 

jO 

1 

1  AC 

1*5 

109 

196 

pi 

MB 

It 

■ 

194 

B> 

110 

306 

J  ft 

<CUO 

■ 

193 

96 

402 

mi 

11 

1  uu 
it.  J 

i  Jl 

1)93 

J.UO 

•Mil 

1< 

1  111 

IB* 

SRJB 

11 1 

Bn 

IM 

1  Ml 

ftl  mm 

ll'J 

01*  J 

94 
41 

X  i  - 

9rt1 

MM 

121 

/  f  1 

Art 
4w 

J.VJ 

122 

i>J3 

46 

154 

188 

1594 

123 

1016 

51 

• 

149 

183 

I777 

134 

1150 

52 

148 

198 

1975 

131 

lata 

65 

135 

165 

2140 

111 

1319 

75 

125 

139 

2279 

324 

1/07 

97 

103 

334 

2613 

in 

2046 

11S 

65 

288 

2901 

948 

ttti 

148 

52 

433 

3394 

bio 

3004 

168 

32 

259 

3653 

905 

4709 

17B 

22 

199 

3852 
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It  seems  MM  pKulinr  that  In  both  case,  th.  .oils  continue  to 
ab.orb    tn.  ion.  in  qu.ation,  m  very  ^aU  *nQun%tl  it  i8  tru6f  long  ^ 
their  approximate  point,  of  saturation  have  been  reached,  and  in  practically 
constant  quantiii..  for  any  given  soil.  It  ...».  probable  that  thi.  continued 
apparent  absorption  i.  du.  to  a  metathetioal  reaction  between  th.  potaosiua 
chlorid  or  tho  monoculcium  phephut.  and  some  of  the  ain.ral  constituents  of 
th.  soil,  as  for  example:  RMlU*^  KC1  =  KAlSi80r  +    N.C1,  and 
Ca8Als6i8U^  ♦  CnH4(PU4)8  a  Kja^izQr  +  Ca3(P04)2.    If      thio  the  case  it 
800:30  Pr°b«M«  that  as  tho  experiments  were  carried  out  thin  nppar.nt  absorp- 
tion would  continue  indefinitely ,  or  until  all  of  the  mineral  matter  of  tho 
•oils  that  was  capable  of  nctath.«ia  wiU.  the  suits  applied  had  undergon.  th. 
reaction,  Equilibrium  could  not  bo  attained,  inasmucn  03  the  salt  solution, 
entering  are  constantly  percolating  thru  and  being  replaced  by  trash  solution. 
Thi.  theory  was  not,  however,  worked  out  in  any  detail,  but  offers  interesting 
material  for  further  investigation. 

Aftor  continuing  tho  absorption  experiment o  for  some  time,  tho 
apparatus  was  again  disconnected  and  allowed  to  thoroly  druin  as  proviously. 
Distilled  water  wa.  then  allow.d  once  more  to  run  thru  the  soils,  at  tho  same 
rate,  and  th.  rat.  and  extent  of  tho  leaching  out  of  the  potassium  and  of  tho 
phoaphat.  noted. 

Tho  results  for  the  leaching  out  of  the  potassium  from  the  four 
soils  are  given  in  tablo.  17,  lb,  1J,  and  ?.0,    The  column,  are  arrangod  as  in 
th.  t*L>le.  of  the  preliminary  leaching. 


"nblo  17 


Mm 

3vnl  of  \bsorbsd 

1  otHosiun  from 

U  liiiiidv  'tall 

Joluiuo  of  ol. 

Total  voluuo 

otuoniua  in 

I  otuosluB  in 

Total  l  otussiu 

in  swaplo 

of  solution 

MOBiplO 

stiaplo 

sxtmotod 

0.0. 

0.0. 

p. p.m. of  n>ol. 

p.p.n.of  soil 

p.p.n.of  ocil 

4« 

58 

27 

27 

mm 

94 

(in 
Jo 

24 

12 

39 

MM 
WW 

XJX 

*  * 

11 

6 

45 

A 

mmM 

12 

8 

53 

JO 

nnn 

270 

8 

4 

57 

Jib 

8 

4 

61 

67 

3B2 

4 

3 

64 

bo 

470 

5 

4 

68 

DM 

6 

6 

74 

123 

68b 

5 

6 

80 

192 

670 

1 

8 

88 

lbb 

1055 

5 

9 

97 

HI 

1520 

4 

18 

3  J  3' 

488 

2008 

3 

15 

130 
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Ttibla  la 


ilotwvHl  of  \boorbod  1  otaaaiun  froa  a.  :»«ndy  Utun 

Vpluae  tf  Sol.    Total  voluna     lotRaaiua  In     I  otuooii«  In     ''otal  I  otaaaii* 
In  attoplo        of  oolution  aarapla  aaaplo  oxtmotod 


0.0. 

c.c. 

p.p.B.of  f>ol. 

p.p.n.of  :'dl 

p. p.m. of  I 

35 

35 

101 

Mi 

35 

34 

89 

63 

1A 

6v 

§J 

142 

40 

II 

193 

34 

17 

l  rvi 
XUf 

55 

248 

25 

14 

51 

Z9J 

20 

10 

131 

66 

365 

18 

12 

143 

87 

452 

11 

10 

153 

106 

558 

11 

12 

165 

m 

647 

10 

9 

174 

li.5 

U32 

8 

15 

189 

loO 

1012 

9 

16 

205 

46b 

1480 

8 

37 

242 

522 

2002 

8 

42 

2li4 
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Trtblo  19 


Tioraoval  of  Abuorbod  fotasaiua  fror.  a  3ilt  i*«a 


Yol*»o  «f  M.    Total  volu»o     rotnosium  in     PHlllf  in     Total  1  otnsoiua 


ourapls 

of  solution 

twuaplo 

miopia 

ttxtmotod 

c.c. 

o«o« 

p.p.«.of  sol. 

p.p. n. of  soil 

p. P.m. of  soil 

43 

43 

114 

49 

49 

48 

91 

77 

37 

86 

56 

147 

56 

31 

117 

53 

200 

40 

21 

136 

53 

353 

36 

19 

157 

56 

309 

28 

16 

173 

L>8 

367 

<£JL 

1  o 

u 

%  n  it 

lb  5 

n 

448 

18 

15 

200 

10b 

IM 

15 

16 

216 

116 

672 

15 

17 

233 

179 

851 

10 

18 

251 

187 

1038 

11 

21 

272 

101 

1446 

9 

37 

309 

552 

1998 

9 

50 

359 
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Tablo  20 

ftoftoval  of  Mjoorbod  l  otuooiura  fro»  o  Clay  Soil 

Volumo  of  Sol.    Total  volumo     lotaooiua  in     lotaoaiua  in     Total  pot»ooiu« 
in  OM.-,riu        of  oolution  oaraple  w.mpla  oxtmotou 

•***  0,tt*  p.p.m.of  aol.    p.p.a.of  ooil    p.p.u.of  noil 


L>1 

51 

137 

70 

70 

92 

103 

42 

112 

46 

138 

90 

41 

153 

S3 

191 

63 

33 

186 

61 

252 

57 

35 

221 

63 

315 

42 

26 

247 

71 

366 

38 

27 

274 

60 

466 

28 

22 

296 

112 

578 

25 

29 

325 

106 

604 

21 

22 

347 

168 

672 

19 

36 

363 

166 

1060 

16 

34 

417 

425 

1485 

14 

60 

477 

645 

2030 

11 

60 

537 
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Tho  louohin,;  take,  pluo.  very  rapidly  at  first,  dtalnishlng  U  rnt# 
«.  mors  «W  paces  thru,  ^ch  the  same  H  i„  th.  pr<>lljailnaPy  lotwhlnK.  M 
it  1.  at  oaoe  notieed         the  Ml  of  potassium  *hioh  i.  thuo  readily  lonohod 
out  ie  not  nearly  equivalent  to  the  uuount  *•*  had  previously  been  abaorbod 
by  lit  sumo  soil.  By  extended  leuchinc  the  distilled  water  oontlnuoo  to  take 
with  it  ■  small  ,^ount  of  potaaeiusi,  but  «t  a  rata  so  alow  that  a  very  large 
amount  of  water  would  bo  required  to  extract  all  of  tha  abaorbod  potanaium 
fro«  tha  soU.  Tho  only  explanation  for  thia  soarao  to  bo  that  tho  potassium 
which  hua  buen  absorbed  hae  boon  converted  into  an  inaolubla  compound  which  in 
turn  £0a«  book  to  tho  aolubl-j  form  but  very  slowly.  Thia  appaara  to  ba  in 
accordunoa  with  tho  explanation  pravioualy  Kiven  to  account  for  tha  continuod 
absorption  of  tha  potuoalun  and  phoaphata  iona  from  tha  aolution  nftar  tho 
approximate  point  of  aaturation  hud  boon  raachod.  Tho  aoil  appaara  to  ba  able 
to  "take  up"  mineral  salts  in  aolution  in  two  ways:  lot,  by  nboorption,  no  wa 
commonly  understand  tha  tana,  whorein  the  aoil  merely  aoturatoa  itaolf ,  liko  a 
aponge,  with  tho  solto,  these  boinj;  readily  soluble,  und  ao  easily  waahod  out 
aa  tHken  up;  and  2nd,  by  rautathssis,  wherein  the  mineral  conotituento  of  the 
aoil  interact  with  the  suits  in  the  solution  producing  insoluble  compounds 
which  are  reconverted  into  the  aolublo  salts  just  as  slowly  ao  tha  soluble 
salte  wore  first  transformed  into  insoluble  compounds , , and  are  thus  not 
readily  wushod  out. 

Tho  results  for  the  leaching  of  tha  phoophnto  nre  oxpreoaod  in 
tables  21 ,  22,  23,  and  24* 
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Tublo  21 

HowovhI  of  Aboorbwd  j  houphntw  from  a  Gundy  Cioil 

Volum*  of  Mo    Total  volume     rhoophat*  in     Phoaphnte  In  f«fc|  rhoaphato 
in  mmpU         of  aolution           o^plo  extracted 

"l "  c,c*  ?.p.«.of  ool.    p.^.o.of  ooll  n.p.n.of  ooil 


52 

52 

185 

96 

96 

70 

130 

151 

118 

214 

76 

206 

118 

90 

304 

IJJ 

315 

II 

97 

401 

97 

412 

68 

66 

467 

138 

550 

48 

66 

533 

146 

IN 

35 

ft 

L>84 

an 

24 

44 

628 

125 

1004 

20 

II 

653 

::36 

1240 

12 

28 

661 

:i37 

1577 

1 

30 

711 

171 

1748 

8 

14 

7?5 

264 

2012 

8 

11 

746 

604 

2616 

6 

36 

782 

608 

3224 

3 

lb 

c>00 

7b4 

4008 

7 

55 

855 

702 

1710 

6 

42 

-J7 

Tablo  22 

Ueaovul  of  Abnorbod  Hjosphrrbe  fro»  u  Uwidy  latin 


Voliroo  of  *ol.   Votul  voluoo     J-houphuto  in     rhonpiurto  in     Votrd  pho«p>mU 
in  ftwaplo  of  oolurtion  raplo  mmplo  oxtmctod 


» c » 

p. p. a. of  ool. 

P.p. m. of  soil 

p. p.m. of  so 

48 

48 

ItiO 

oo 

OO 

09 

107 

161 

XOl 

96 

203 

139 

133 

311 

117 

1°6 

97 

406 

95 

92 

10a 

Ml 

61 

67 

Ul  <J 

155 

671 

66 

102 

721 

179 

630 

51 

ii 

10 

Mi 

994 

J9 

N 

668 

'!28 

1222 

31 

71 

m 

326 

1348 

19 

62 

1001 

203 

1751 

12 

24 

1025 

251 

2002 

11 

28 

1052 

63b 

2640 

I 

51 

1104 

605 

3245 

b 

48 

1152 

667 

3912 

6 

•10 

119? 

u09 

4721 

7 

57 

1249 
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Tnblo  ?3 


iiwaovHl  of  Abaorbod  )Tio«plmiH  from  a  :silt  l 


Volume  of  :>ol.    Totftl  volvuw     riu>BohntD         n     i  *  , 
in  oaraplo       of  solution        sample  „ftM  ,  . 


M7 
J  / 

M 

178 

101 

101 

r  r\ 

WW 

117 

HI 

£5 

UN 

Vs. 

209 

146 

134 

330 

309 

128 

128 

101 

114 

423 

110 

l:>5 

bB3 

1<:1 

544 

99 

120 

703 

XJl 

675 

83 

10'J 

L12 

178 

853 

72 

128 

J40 

174 

10H7 

63 

110 

lObO 

234 

1261 

47 

UO 

1160 

271 

1532 

32 

87 

1247 

194 

1726 

28 

1301 

263 

1989 

18 

17 

1348 

518 

25*7 

15 

78 

1426 

632 

3139 

lb 

114 

1340 

662 

3791 

10 

66 

1606 

It! 

4728 

9 

64 

1690 

Tmbl©  24 

Kw-ovtil  of  AbaorboU  rhonphnt*  from  A  f.lny  Lioil 


VuXum  Of  Ml.    Total  volum*     I'hoMfots  in     fhouplmt.  in     Tottd  phonphnt. 
in  Moplu         of  Mlution  suttplo  mupl*  «xtr*ot«xl 

C*0,  °'C'  p.p.B.Of  >:.w.w.0f  ttoil     |>.p.<J.0f  80il 


51 

51 

174 

69 

n 

CI 

112 

166 

101 

M 

104 

216 

M 

349 

n 

306 

ui 

130 

479 

106 

411 

134 

142 

621 

127 

63d 

125 

159 

760 

124 

C62 

112 

139 

m 

166 

Mi 

100 

166 

110b 

165 

1033 

67 

Ml 

1?C6 

210 

1243 

74 

155 

1421 

Mba 

1528 

63 

160 

1601 

133 

1761 

49 

114 

1715 

309 

2070 

41 

127 

1642 

519 

268* 

26 

135 

U77 

603 

3192 

21 

127 

2104 

706 

3900 

16 

113 

2217 

8/6 

4778 

15 

132 

H349 

Horn  tho  phosphate  i«  leachod  out,  as  in  Dm  oaso  or  tho  potuooiura. 
Quickly  at  first,  but  boooninr  less  and  less  rapid  as  tho  proceoe  con- 
tinuoo.  Tho  Bttvin  difference  to  bo  noted,  however,  ia  tho  nuoh  alowor 
reto  with  which  thio  lo  accomplished,  tho  soils  requiring  nbout  five 
tines  ii  ouch  wntor  to  brinn  tho  phosphnto  content  do-m  to  ■  oonatant. 
Thio  lunje  amount  of  wntor  oorrooponds  closely  to  tho  anount  of  aolution 
roquired  to  brine  tho  phosphate  content  up  to  a  constant ,durinR  tho  ab- 
oorption  procooo.  Tho  total  amount  of  phouphatu  extracted  whan  thio  con- 
stant is  finally  reached  io,  however ,  far  ahort  of  tho  enount  of  phos- 
phate proviously  aboorbed,  M  wn»  tho  case  with  the  potnasiuo. 

Thoao  results  nay  bo  expressed  graphically,  »md  in  thio  form  ahow, 
perhaps,  to  bettor  adVKutage  tho  similarities  and  difforanooo  which  exist 
for  tho  various  soils,  and  under  tho  different  for&a  of  treatment. 

In  figure  ?.  aro  shown  tho  solution  curves  for  tho  preliminary 
lonchinp  out  of  the  potassium  froo  tt  o  four  soils  undnr  axonination.  The 
"bscioson  rep recent  tho  litero  of  ui.rLillod  writ-*  v»'iich  hnve  pnsoHd  thru 
tho  100  praise  of  soil  in  the  porcola'.in;*  tubon,  r>nd  tho  ordinritee  show 
tho  conoontration  of  potMnaiuia,  expressed  in  parts  par  nillion,  of  tho 
resulting  aolution.  Tho  curves  ar-j  all  sraocthed  turves. 

In  figure  3  aro  shown  tho  ooil  curves  for  the  preliminary  leachinR. 
Thnt  iSf  tho  ordiriateo,  instead  of  representing  tho  concentration  of 
potassium  in  the  solutione  indloate  the  amount  of  not^oaiuM  whioh  h*s 
boon  extracted  from  tho  soil,  expressed  in  p-nrta  por  million  of  soil. 
Tho  abscissas,  *s  boforo,  repronent  the  liturs  of  wither  th»rt  h«vo  passed 
thru  tho  soils. 


Potassium  -  Preliminary  Leaching  6olution  Curves 
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Figure  2.    Showing  parts  per  million  of  potassium  in  solution  on  passing 

distilled  water  thru  the  untreated  soils.  Data  in  tables  1,2,3,44 


Potassium  -  Praliminare  leaching  -  Soil  Curves 


Figure  3.    Showing  parts  per  million  of  potassium  extracted 
on  passing  distilled  water  thru  the  soils. 
Data  in  tables  1,2, 3, end  4. 


TtoM  **™>  vory  dwly  that  «ftar  about  out,  und  B  half 

lifr.  of  water  h*v.  pw>wd  thru  the  «oll.  th.  concentration  of  potn-oiun.  In 
th.  parclat.  i.  praatioally  constat,  «nd         that  tho  .oil.  ar.  l..in« 
pot«..iuB  At  a  Blow  but  conotant  rate. 

In  finuro  4  or.  ahoan  the  .elation  curvao  for  th.  aboorption  of 
potaaolua  ion.,  and  in  figure  5  th.  .oil  curve,  for  the  .too.  ~ho  ordinal, 
in  fiKur.  4  r«pre.«mt  th.  conoemti-ntion  of  th.  .olution  in  parto  per  million 
•f  potauaii*  iona,  tho  uppur  boundary  Uno  indicntinK  tho  orir.inul  concentra- 
tion  of  the  aolution  bofor.  pawing  thru  the  mil.    In  figure  5  th.  ordinr.to. 
uhow  th.  amount  of  potnu.iu*  that  h»«.  b«m  abeorbed  by  tho  »oUo,  axpreoaad 
in  part,  par  nillion  of  noil.  Th.  .  baoiaaa.  in  both  cctooB  roprooimt  th. 
Xit«ra  of  oclution  that  have  passed  thru. 
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lotaaaium  -  Aboorption  -  Solution  C 


urvsa 


Liters 


figura  4.    Showing  parts  par  million  of  potaaaium  in  Bolution  on  paaaing 
potaaaium  ohlorid  aolution  thru  tha  aoila. 
Data  in  tabloa  a, 10,11, and  12. 


Potuaalua  -  Abaorptioi  -  Soil  Curvoo 
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Fi'ur©  5.    Showing  parts  par  million  of  potaaaium  abaorbad  by  tha  aoila  on 
paaaing  potaaaium  ohlorlu  oolution  thru  than. 

T\m*.m   4rt  4«K1  -a   Q  in  11  19 
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Here  s^ln,  after  about  ■  liter  of  solution  hut  pasood  thru  th ;  tolls 
the  concentration  in  the  poroolates  la  constant  ami  the  soils  ocntinue  to 
Hbsorbe  tho  potnaaiua  nt  a  slow  but  conotant  rnte.  HM  differences  fag  tho 
^baorptive  capacity  of  the  four  ooile  are  aleo  v«ry  cloarly  brot  out  by  those 
curvos,  the  sandy  soil  bein.r  nwrly  saturated  *nsn  only  400  pnrte  por  million 
h^ve  been  absorbed,  whilo  the  clay  aoil  dooa  not  approach  the  horitont»l 
position  until  ov«r  a  thouoand  parte  hav*  been  absorbed. 

In  f ipureu  6  ami  7  are  j;ivon  the  oolution  and  soil  uurves  for  the 
final  leeching  out  of  the  potassium.  The  ordinutos  in  figure  6  show  the 
concentration  of  t>o  to  solum  in  tho  solution,  while  in  fifnire  7  they  roprosont 
tho  amount  of  potasuiurs  loeohod  out  of  tho  soils,  "'he  ubscissus  show  the 
liters  of  *uter  which  havo  passes  thru. 

Inotend  of  starting  tho  leaching  curveo  at  the  point  roproaontod 
by  the  end  of  the  absorption  curves,  i.e.  from  a  point  ruprosontinr  the  total 
amount  of  potassium  aboorbod,  thoy  huvo  been  started  uniformly  from  the  ottme 
point,  zero,  the  rise  in  the  curves  indicating  the  amount  of  potassium 
le'ichod  out.    A  mora  accurate  comparison  of  tho  bohuvlor  of  tho  different 
saturated  soils  when  treated  similarly  .rith  distilled  wr-.tor,  m-iy  be  n"do  by 
plotting  them  in  this  manner. 
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Potasslum  -  3ub,squsnt  l«go3dng_=LSpl^^ 


Liters 


///     /A  L  -  VI  * 


Fipure  6.    Showing  part,  per  million  of  potassium  in  solution  on  passing 

distilled  wt  tsr  thru  soils  which  hnVs  beon  trsatsd  with  potsosium 
chlorid  solution.  Data  in  viblss  17,16,1*,  and  20. 


Potassium  -  Subsgqusnt  LsaohinK  -  Soil  Curvnn 


Fi^urs  7.  Shoving  pwrts  per  million  of  p#fcatftlMl  oxtraotsd  from  soils 
which  havs  been  trsatsd  with  potassium  ohlorid  solution,  on 
passing  distillsd  wator  thn  them.  Data  in  tublss  17,18,19,  and  30 


It  will  bo  sum  that  *  part  of  tho  potassium  io  very  quickly  ronuvod 
en  tho  paauv.o  of  waW  thru  tho  oollo,  out  that  ovon  by  continued  treatment 
with  water  only  r  fmction  of  the  total  amount  of  pot*ssium  absorbed  io 
romovod,  tho  parte  per  million  of  absorbed  potassium  still  romainln.;  in  iho 
•eady  soil  oftor  two  liters  of  watw  have  past  d  thru  ft  boinj'  330,  and  that 
rsiottlninp.  In  tho  cloy  soil  boinr,  $39. 

It  will  also  bo  noticed  that  It*  conc"e*r«t1oo  of  potassium  in  tho 
percolate  goto  down  very  oloso  to  tho  constant  attainod  in  tho  original 
leeching,  and  that  tho  ocllo  attain  a  oonotant  mto  of  loeo,  »ith  roforoneo 
to  their  r©t"saiun  ecntont,  which  is  pmotically  tho  same  no  the  rata  of 
loss  in  tho  original  leaching.  But  tho  important  point  io  that  tho  ooils 
still  rotain  a  largo  puro<;»tage  of  tho  pet<iseium  -rbsorbod  by  '.hern,  even  after 
thoso  constanta  are  reached. 

'n  figures  8  and  fl  aro  shown  tho  solution  ant  soil  curves  for  tho 
preliminary  leaching  of  tho  -ofctno  phosphate  froci  tho  soils.  Vhe  abscissae 
ana  ortlin.ttoo  represent  in  eaoh  onee  the  sane  fnctors  as  in  the  corresponding 
plots  with  potassium,  only,  of  course,  phosphate  is  indicated  instead  oft 
potassium. 
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b.    Showins  parts  per  million  of  phosphate  in  solution  on  passing 
distilled  *ater  thru  the  untroated  soils. 
Data  in  tables  5, 6, 7, and  8. 


7  Liters 

Fi/jure  9.    Showing  parts  por  million  of  phosphate  extraoted  from  the  soils 
on  passing  distilled  water  thru  the  untreated  soils* 
Data  in  tables  5.6,7 ,and  o. 


Tha  paculinr  rise  in  |Hjfcilli  concentration  of  tho  solutions  from 
three  of  tho  aoila  lo  on  apparent  unconformity  with  tho  root  of  tho  cuivo. 
Tho  KMBonwa  tendency  M|g^  however,  rt3  in  tho  ||1,„|m  experiments, 
tho  percolate  quickly  fulling  to  ■  constant  concentration,  and  tho  ooilg 
attaining  a  alow  but  constant  mte  of  loss  in  M«|f  phosphate  contort. 

Xo  figures  lo  and  U  are  ahown  tho  solution  and  soil  curves  for  tho 
absorption  of  phoaphMe. 

These  curves  diffor  storked!*/  fron  tho  corrosr ending  curv^o  for 
potassium  in  tho  rata  with  which  th«  sells  becowe  naturuted,  and  mIoo  in  tho 
total  MBonnt  abaorbod.    !  ero  tho  ckvj  soil  is  still  n.pidly  nbsoroj.nj.'  Pho»- 
phat*»  whun  nowrly  ftfSJ  liters  of  solution  hwa  pnusod  thru  it,  while  tho 
eaae  soil  has  reached  its  constant  with  rospoct  to  potassium  when  only  about 
ono  litor  has  possad  thru.  And  whon  two  liters  of  phosphate  solution  have 
psiianU  thru  tho  clay  soil  it  has  obnorbod  2U00  parta  of  phosphate,  whilo 
./han  an  -qunl  amount  of  potassium  solution  hns  pj-aood  thru  tho  smao  soil, 
only  1150  ptirts  of  potassium  hnve  boon  absorbed. 

Jn  figures  1?  nno  13  are  aho-m  tha  solution  avid  soil  curwis  for 
tho  final  lonohing  out  of  tho  phoophnto. 

Hors,  ngain,  M  in  tho  absorption  of  p'uonphr'to,  tho  eoila  require  a 
much  lnr<*,ar  amount  of  water  to  bring  thotn  dovm  to  ■  constant  thnn  mtt  the 
enso  with  tho  potassium.  I$ut  like  tho  potauoiuw,  oily  a  part  of  tho  total 
phosphate  ubsorbod  hMS  boon  rurovod  whin  this  conatnnt  io  finally  reoohod. 
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Phosphate  -  Absorption  -  Solution  Curves 


Figurs  |o.    Showing  part,  per  million  of  phosphate  in  solution  on  passing 
nonooulciura  pboephate  solution  thru  tho  soils. 
Data  in  tables  13,14,1b,  nnd  16. 


Phosphate  -  Absorption  -  Soil  Curves 


Figure  11.  Showing  parts  per  million  of  phosphate  absorbed  by  the  soils  on 
passing  monoouleium  phosphate  solution  thru  them. 
Data  in  tables  13,14,1L,  and  16. 
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Phosphate  -  Subsequent  LeachinK  -  Solution  Curves 


'A  Liters 

Figure  12,    Showing  parts  per  million  of  phosphate  in  solution  on  passing 
distilled  water  thru  the  soils  which  have  been  treated  with 
monooalcium  phosphate  solution.  Data  in  tables  21, 22, 23, and  24. 


Phosphate  -  Subsequent  Leaching  -  Soil  Curves 


f. 


1  0°0 


Jo  "o 


/to  0 


L&er.  3         ^         7         fU  S 

Figure  13.  Showing  parts  per  million  of  phosphate  extracted  from  soils  which 

have  been  treated  with  monocalcium  phosphate  solution, on  passing 
distilled  water  thru  then.  Data  in  tables  21,22,23,  and  24. 


-4*- 


»  NMMHj  m 


Tho  otudy  of  thooo  four  Conn-wtiout  Vollaj  sells  h-a  aoeonpltshod 
t  ;o  purposes:  1st,  it  htm  prosantad  tho  data,  aunr*.ri*ud  in  tho  for«r;oinj: 
curvas,  of  tha  mto  and  oxtont  of  tho  absorption  cf  rotaaaium  and  rho&phr.t* 
lono  by  ti.aoo  four  loilu,  to#ethar  with  tho  rtrto  and  oxt»«t  to  which  thoso 
I  bsorcod  lona  aro  subcoquantly  ltmchod  outf  and  2nd,  it  hno  subatai;ti«tod 
tho  rooulto  of  Caraeron,  ichroinor,  Vniiyor,  r,chlo«s«ing,  and  others,  in  tho 
fcllo^inc  *»ointa: 

1  •  When  soils  are  uubjoctsd  to  tho  ' loaehinft  fiction  of  wttar,  tho  ooncan- 
t ration  of  potaosiun  mid  pbosrh-ito  iono  in  tho  coil  extract    :jpproaohoa  a  coiv- 
atant,  which  apponrs  to  bo  fixod  and  definite  for  any  trivon  soil. 

2  •  "hen  soils  «ra  subjected  to  tho  action  of  oolublo  pot^ssluw  and 
phoaphntt?  jalts,  tho  concentration  of  thoao  onlto  in  tho  soil  extract    io  nt 
first  not  notarially  increaood,  owinj'  to  the  powor  of  tho  soils  to  absorb 
thoao  salts,  but  so  absorption  prooockoo  it  bjconeo  veaksr,  »<nd  a  noint  io 
finally  roach od  whore  tho  amount  of  oolubl    salts  extracted  in  tha  soil 
extract         nearly  equivalent  to  tho  uraount  applied, 

3  «  Tha  cone  miration  of  tho  potaosiuia  and  phoephats  iono  in  tho  soil 
extract      pproachoo  a  low  constant,  which  appears  to  bo  fixod  and  dofinito 
for  oach  soil,  whan  only  a  part  of  the  obsorbod  ions  hove  boon  romov«d  by 
tho  leaching  action  of  wnt«r. 

4  -  Vho  constants  attained  by  tho  'our  soils  by  tho  loachinp;  action  of 
*atjr  aro  vary  nanrly  aliko,  which  *ould  soon  to  indicate  that  tho  concen- 
tration of  tho  potaosiun  and  phosphate  ions  in  tlw  soil  solutions  of  tha 
vcrioue  soils  wore  practically  tho  sarao,  and  not  a*  all  dependant  on  tho 


unt  of  nboorood  potassium  or  phosphate  they  originally  contained. 

5  -  Thoso  results  subotuntinto  the  theory  that  tho  conoontrution  of 
•alto  in  tho  oo  11  aulution  io  vary  lately  dopendont  ■  tho  apociflc 
absorptive  capacity  of  tha  individual  soil. 

6  •  These  vaults,  f'.jrthsmare,  tw3  to  diaprov*  V>o  thaory  that  tho 
••■position  of  the  sell  moisture  ,  nance  tho  a>Joo?-ptJve  oapaolty  of  'ho 
sell,  is  determined  primarily  by  tho  chonlc-1  e<mpoaitlm  of  tho  soil,  but 
tend  ruthor  to  provo  this  tjutdity  to  bo  dependent  on  tho  noohunlsal  texturo 
of  tho  individual  aoll. 

Furthermore,  inasmuch  as  thoso  soils  continue  to  !ibsorb  onnll  soounto  of 
pot-soiuci  nnd  phosphnto  lono  lonR  uftor  tho  approximate  point  of  saturation 
hno  boon  reached;  and  as  thono  soils  continuo  to  lo.se  thoso  potneoiuw  and 
phosphnto  iona  in  ar;r«ll  amounts  lont;  after  the  solublo  fomo  must  h^vo  boon 
entirely  ioaohud  out;  and  as  this  latter  point  ia  reached  lonp  before  nil 
of  tho  previously  abaorbod  potassium  unci  phosphate  ions  have  boon  leached 

o 

out,  it  woulu  appear  that  tho  soils  wore  nolo  to  toko  up  thoao  ions  froa 
tho  solution  in  t,a>  distinct  ways:  1st,  by  saturating  itself  with  tho  ions, 
those  undor  oinr  no  ohonicnl  chnnfto,  and  thus  rennininp  rondily  sclublo, 
end  easily  lonohod  outj  and  2nd,  by  interact  in?*  with  tho  salts,  producing 
insoluble  compounds  which  nro  roconvertod  into  oolublo  forma  on  tho  ar.pli- 
©ation  of  wntor  but  v«ry  slowly.  Thus  on  tho  aptdioaticn  of  a  salt  in 
solution  tho  soil  firat  rapidly  abocrbn  tho  various  iona  for  which  it  haa 
nn  attraction,  and  in  proportion  to  tha  ntron^th  of  this  attraction,  and 
thon  procotioo  slowly  to  intoraot  with  tho  snlta  to  produce  inuolubla  coro- 
poundo.  (in  tho  application  of  water  to  tMu  soil,  tho  soluble  nbaorbod 
•alts  would  bo  uuickly  loachod  out,  nnd  thon  tlio  inooluble  compounds  would 


in  turn  bo  vary  elowly  rondwed  soluble,  by  the  revoroion  of  tho  previoue 
roactionu,  and  ultimately  they,  too,  would  pass  off  in  the  oolution. 

Xcknowkodgoraent  is  duo  i>r.  .moot  'vndoroun  for  euffloetinn  this 
investigation,  and  to  nr.  taderoon  and  i  rofessor  foroo  for  no- 
vice nnd  further  suftfreotions  before  it«  completion. 


